ABSTRACT
INTRODUCTION
The temperature is a critical factor that controls plant growth and development (Patel and Franklin, 2009 ). Heat stress is considered one of the main factors that negatively affect crop production. Rate of plant growth and development is dependent upon the temperature surrounding the plant and each species has a specific temperature range represented by a minimum, maximum, and optimum (IPCC, 2007) . Cox (1979) and Hatfield and Prueger (2015) indicated that temperature is a primary factor determining the growth and development of plants. Warmer temperatures expected with climate change and the potential for more extreme temperature events will impact plant productivity. Pressman et al. (2002) , McKeown et al. (2005) , Sønsteby and Heide (2008) and Dufault et al. (2009) suggested that in annual specialty crops in which temperature is the major environmental factor affecting production with specific stresses, such as periods of hot days, overall growing season climate, minimum and maximum daily temperatures, and timing of stress in relationship to developmental stages having the greatest effect. Marshall (1982) and Paulsen (1994) indicated that high temperature stress is one of the least well understood of all the abiotic adversities that affects crops and is one of the major uncontrollable factors affecting plant growth, development and productivity. Ishag (2000) and Kaba et al. (2014) reported that peanut plant has indeterminate growth habit. For this reason, flowering and pod formation continue long time during the growing period. The peanut plants produced many flowers but, only 15-20% of flowers produce mature pods (Lim and Hamdan, 1984) . Ketring et al. (1982) indicated that temperature plays a critical role in the growth and development of peanut plants and it appears that optima are different depending on the phase (reproductive or vegetative) of development. Prasad et al. (2000) reported that peanut plants are susceptible to both high air and soil temperature due to their aerial flowering and subterranean fruiting habit, respectively. Peanut plants produce their pods under the soil. For the peanut crop with its subterranean fruiting habit, soil temperature could have a major influence on reproductive growth and development. It is evident that extremes of soil temperature limit reproductive growth and yield of peanut (Ono, 1979 and Ong, 1986) . Awal and Ikeda (2002) and Prasad et al. (2006) reported that base temperature for germination of peanut is approximately 10 o C and the optimum temperature for emergence is between [25] [26] [27] [28] [29] [30] o C. Ono et al. (1974) , Ono (1979) and Dreyer et al. (1981) reported that air and soil temperature both are important factors to determine the yield of peanut as peanut flowers develop aerially and pods in the soil. The optimum soil temperature range for pod formation  and development is between 31   o   C and 33  o C and soil  temperatures above 33 o C significantly reduced the number of mature pod and seed yields. Ketring (1984) and Prasad et al. (1999a) o C during the reproductive phase reduce fruit-set and consequently the number of pod and ultimately seed yields. Cox (1979) , Ketring (1984) and Ong (1984) reported that increasing daytime temperature from 26-30 o C to 34-36 o C significantly reduced the number of subterranean pegs and pods, seed size on seed yield by 30-50%. Prasad et al. (2000) investigated that the effects of daytime soil and air temperature of 28 o C and 38 o C, from start of flowering to maturity and reported 50% reduction in pod yield at high temperatures. Tai and Hammons (1978) and Wynne and Isleib (1978) reported that the evaluation of peanut cultivars for genotype x environment interaction on yield and yield components seems to indicate only minor effects of genotype x location and genotype x year interactions, but there were relatively large genotype and genotype x location x year interactions. Arioglu and Ersoy (1987) and Onat et al. (2017) findings showed that the average yield reduction was 19.9% and 29.5%, respectively in soybean varieties due to high temperature and the response against to high temperature of the soybean varieties were different.
The expected changes in temperature over the next 30-50 years are predicted to be in the range of 2-3°C. In most regions this global warming will negatively impact plant growth and development. As a consequence, the yields of a variety of important crops will be compromised. Thus, it is imperative to understand the physiological and molecular processes that plants use to cope with heat stress as a first step to breed for plants more tolerant to the negative effects of climate change (IPCC, 2007 and Anonymous, 2012) . Breeding of peanut varieties tolerant to heat stress is getting more important to obtain high yield in peanut farming.
The air temperature can be varied during the growing season year by year in this region. The agronomic characteristic and pod yield of peanut varies depending on growing conditions and varieties. The yield components of peanut are influenced by air temperature and the high air and soil temperature negatively effects on pod yield. Peanut varieties differ in their sensitivity to high temperatures. The objective of this study was to determine the effect of high air and soil temperature on pod yield and some yield component of peanut breeding lines in main crop growing season in Mediterranean region in Turkey. The soil texture was clay loam. The soil tests indicated that pH of 7.5 with high concentrations of K2O and low concentrations of P2O5. In addition, the organic matter and nitrogen content of the soil were very low. The lime content was 20.5% in the upper layers with increased levels in lower layers in both years.
MATERIAL AND METHOD

Experimental site and plant materials
The climate data during the 2016 and 2017 growing period in experimental sites were given in Table 1 . In Adana, winters are warm and rainy, whereas summers are dry and hot, which is a typical of a Mediterranean climate. The differences between the 2016 and 2017 years were significant for the air temperature. The air temperature was higher in 2017 than in 2016 during the growing period. The total rainfall was 170.3 mm and 140.3 mm during the growing periods in 2016 and 2017, respectively. The average relative humidity was ranged from 59.2% to 69.3% in 2016 and 60.7% to 69.1% in 2017 (Table 1) . 10 cm soil temperature is very important climate data for the peanut production. The peanut pods form in the level of the soil and the temperature effects on pod formation and growth. The soil temperature was higher in 2017 than in 2016.
The average maximum temperature data during the growing period (June, July and August months) in 2016 and 2017 as a five days interval were given in Table  2 and Figure 1 . As it can be seen in Table 2 , the maximum air temperature was higher in 2017 than 2016 during the flowering, pod formation and pod filling stages of the peanut lines. In these stages, the maximum air temperature above [42] [43] o C was observed during daytime at the experimental site and the growth and development of peanut plants were negatively affected. Per plant data were measured from the 20 plants that were randomly selected from the central rows of each plot and then harvested by hand. Pod number and pod weight per plant, 100-seed weight and pod yield per hectare values of lines were investigated (Gulluoglu, 2011) . The pod yield reduction percentage (%) was calculated by (2016 year data -2017 year data/2016 year data) x 100.
The data were statistically analyzed by JUMP 8.1.0 statistical software with Split Plot Design and Least Significant Differences (LSD) test was used to compare the treatments at probability level of 0.05.
RESULTS AND DISCUSSION
Pod number per plant
Some agronomic characteristics and pod yield of peanut varies depending on growing conditions and varieties. These characteristic (yield components) of peanut varieties are influenced by air and soil temperature during the growing season and the high temperature negatively effects on pod yield. Peanut varieties differ in their sensitivity to high temperatures.
The data belonging to yield components such as pod number and pod weight per plant and 100-seed weight of peanut breeding lines in 2016 and 2017 has been presented in Table 3 . The differences between the 2016 and 2017 for the pod number per plant were statistically significant. While the average pod number per plant of the breeding lines was 30.0 pods plant -1 in 2016, it was decreased to 27.4 pods plant -1 in 2017. The average pod number of the lines was 9% lower in 2017 compared to 2016. The pods number per plant was affected by the environment condition such as air and soil temperature. High temperature was negatively affects on pod number per plant of peanut varieties. The average maximum air and 10 cm soil temperature data during the June, July and August were higher in 2017 (Table 1 and Ishag (2000) and Kaba et al. (2014) reported that peanut plant has indeterminate growth habit. For this reason, flowering and pod formation continues long time during the growing period. The peanut plants produced many flowers but, only 15-20% of flowers produce mature pods (Lim and Hamdan, 1984) . The air and soil temperature affects on flowering, pegging and podding in peanut plants. Prasad et al. (1999a) reported that the threshold day temperature for pollen production and viability was 34 o C and there were strong negative linear relations between both pollen production and pollen viability and accumulated temperature >34 o C. They suggested that day temperature >34 o C decreased fruit-set and resulted in fewer numbers of pod. Decreased fruit-set at high temperatures was mainly due to poor pollen viability, reduced pollen production and poor pollen tube growth, all of which lead to poor fertilization of flowers. Ono et al. (1974) , Ono (1979) and Dreyer et al. (1981) reported that air and soil temperature both are important factors to determine the yield of peanut as peanut flowers develop aerially and pods in the soil. The optimum soil temperature range for pod formation and development is between 31 o C and 33 o C and soil temperatures above 33 o C significantly reduced the number of mature pod and seed yields. Day temperatures above 35 o C during the reproductive phase reduce fruit-set, and consequently the number of pod and ultimately seed yields (Ketring, 1984 and Prasad et al., 1999b) . Talwar et al. (1999) indicated that increase in peg numbers of peanut cultivars when temperature was increased from 25/25 o C to 35/30 o C, but the pod numbers decreased with the increase in temperature. Prasad et al. (2000) suggested that the high soil temperature significantly reduced flower production, the proportion of pegs forming pods and 100-seed weight.
As it can be seen in Table 3 , the differences between the breeding lines were statistically significant for the pod number per plant in both years. The pod number of breeding lines varied between 24.9-34.9 pods plant -1 in 2016 and between 22.7-32.4 pods plant -1 in 2017. The pod number per plant of the lines was different in 2016 and 2017. The pod number of the breeding lines was higher in 2016 than in 2017. The highest pod number reduction was obtained from YF-22 (18.3%) and YF-9 (17.2%) peanut breeding lines. The reduction of pod number was lower in breeding lines compared to NC-7 (35.2%) variety. The yield components of peanut are influenced by temperature and the high temperature negatively effects on pod number per plant. Peanut varieties differ in their sensitivity to high temperatures. Ketring et al. (1982) indicated that temperature plays a critical role in the growth and development of peanut plants and it appears that optima are different depending on the phase (reproductive or vegetative) of development.
Between the lines and year interaction on pod number per plant was statistically significant (Table 3) . Pod number of the breeding lines was different in 2016 and 2017. The highest pod number per plant was obtained from YF-19 (34.9 pods plant -1 ) in 2016 and YF-10 (32.4 pods plant -1 ) in 2017. Tai and Hammons (1978) and Wynne and Isleib (1978) reported that the evaluation of peanut cultivars for genotype x environment interaction on yield and yield components seems to indicate only minor effects of genotype x location and genotype x year interactions, but there were relatively large genotype and genotype x location x year interactions. Since temperature is critical for peanut plant growth and development, attempts have been made to determine temperature requirements of peanut cultivars at different stages of their development (Ketring et al., 1982) .
Pod weight per plant
As it can be seen in Table 3 , the differences between the years for the pod weight per plant were statistically significant. The pod weight per plant was 77.8 g plant -1 in 2016 and it was decreased to 40.9 g plant -1 in 2017. The pod weight reduction per plant was calculated 12.3 g plant -1 (16%) in 2017. Ketring et al. (1982) indicated that temperature plays a critical role in the growth and development of peanut plants and it appears that optima are different depending on the phase (reproductive or vegetative) of development. The optimum soil temperature for individual pod growth rate is between 31 o C and 33 o C (Ono et al., 1974 and Dreyer et al., 1981) . Prasad et al. (2000) investigated the effects of daytime soil and air temperature of 28 and 38 o C, from start of flowering to maturity and they reported that 50% reduction in pod yield at high temperatures. Cox (1979) reported that air temperature above 26/22 o C, reduced the pod weight per plant. Ketring (1984) The differences between the breeding lines were statistically significant for the pod weight per plant in both years. The pod weight per plant of breeding lines varied between 73.3-91.2 g plant -1 in 2016 and between 55.9-78.1 g plant -1 in 2017. The yield components of peanut are influenced by air temperature and the high air and soil temperature negatively effects on pod yield. Peanut varieties differ in their sensitivity to high temperatures. The pod weight reduction was found the highest in YF-6 (30.6%) and YF-9 (27.1%) lines.
Virginia market type peanut varieties had larger pods and seeds compared to other market types. The yield and some agronomic characteristics of peanut are influenced by genotype and environmental conditions. Some researcher reported that the pod weight per plant in Virginia market type peanut varieties was varied between 37.28-93.67 g plant -1 depending on variety and management (Gulluoglu, 2011; Gulluoglu et al., 2016; Arioglu et al., 2016; Gulluoglu et al., 2017 and Kurt et al., 2017) .
Between the lines and year interaction on pod weight per plant was statistically significant (Table 3) Tai and Hammons (1978) and Wynne and Isleib (1978) reported that the evaluation of peanut cultivars for genotype x environment interaction on yield and yield components seems to indicate only minor effects of genotype x location and genotype x year interactions, but there were relatively large genotype and genotype x location x year interactions. These findings are supported by the Cox (1979) , Golombek and Johansen (1997) , Prasad et al. (1999a) and Prasad et al. (2000) .
100-seed weight
The average 100-seed weight of breeding lines was 133.0 g in 2016 and 123.3 g in 2017 (Table 3 ). The differences between the 2016 and 2017 for the 100-seed weight were statistically significant. The average 100-seed weight of the lines was 7% lower (9.7 g) in 2017 compared to 2016. The high temperature during the pod filling period was negatively affects on 100-seed weight of peanut varieties. As it can be seen in Table 1 and 2, the air and soil temperature was the higher in 2017 than in 2016. This high temperature was negatively affected the daily production and the seed size has been lower. Cox (1979) and Hatfield and Prueger (2015) indicated that temperature is a primary factor determining the growth and development of plants. Prasad et al. (2000) reported that peanut plants are susceptible to both high air and soil temperature due to their aerial flowering and subterranean fruiting habit, respectively. Peanut plants produce their pods under the soil. For the peanut crop with its subterranean fruiting habit, soil temperature could have a major influence on reproductive growth and development of pods. It is evident that extremes of soil temperature limit reproductive growth and yield of peanut (Ono, 1979 and Ong, 1986) . Williams et al. (1975a) indicated that the largest number of pods and seed were produced at the intermediate temperature (27.0 o C mean daily max. and 14.5 o C mean daily min.), while the largest mean seed weight occurs at the coolest temperatures. Cox (1979) , Ketring (1984) and Ong (1984) reported that increasing daytime temperature from 26-30 o C to 34-36 o C significantly reduced the number of subterranean pegs and pods, seed size on seed yield by 30-50%. Ketring (1984) and Prasad et al. (1999b) indicated that the optimum mean air temperature for vegetative growth of peanut seemed to range between 25 and 30 o C. Day temperatures above 35 o C during the reproductive phase reduce fruit-set and consequently the number of pod and ultimately seed yields. Prasad et al. (2000) reported that high soil temperature significantly reduced pod formation and 100-seed weight. The combined treatment of high soil and air temperatures reduced fruit-set and pod weight by 58% and 57%.
The differences between the lines for the 100-seed weight were statistically significant in both years. The 100-seed weight reduction of the breeding lines varied between 3.7 g and 18.9 g. The average 100-seed weight reduction of the lines was calculated about 7.3%. The 100-seed weight reduction was the highest in YF-21 (14.1%) and YF-5 (13.3%) and the lowest in YF-1 (3.0%) and YF-22 (3.7%) lines. All of the breeding lines were negatively affected by the high air and soil temperature. Year x breeding lines interaction on 100-seed weight of peanut was statistically significant. The highest 100-seed weight was obtained from YF-15 (148.6 g) and YF-11 (2135.4 g) in 2016 and 2017, respectively. Virginia market type peanut varieties had larger pods and seeds compared to other market types. Some researchers reported that the 100-seed weight of the peanut varieties varies from 112.52 to 138.05 g (Gulluoglu et al., 2016; Arioglu et al., 2016; Gulluoglu et al., 2017) . Similar results were reported by some other researchers (Cox, 1979; Ketring, 1984; Golombeck and Johansen, 1997; Prasad et al., 2000; Caliskan et al., 2008 and Canavar and Kaynak, 2008) .
Pod yield per hectare
The data belonging to pod yield of breeding lines in 2016 and 2017, and yield reduction in 2017 has been presented in Table 4 .
The differences between the 2016 and 2017 for the pod yield per hectare were statistically significant. While the average pod yield of the breeding lines was 7926 kgha -1 in 2016, it was decreased to 6222 kgha -1 in 2017. The average yield of the lines was 21.5% lower in 2017 compared to 2016. The pod yield was affected by the environment condition such as air and soil temperature. High temperature was negatively affects on pod yield of peanut lines.
As it can be seen in Table 1 , the soil temperature in July and August has been higher than 35 o C. Ono et al. (1974) , Ono (1979) and Dreyer et al. (1981) reported that the optimum soil temperature range for pod formation and development is between 31 o C and 33 o C and soil temperatures above 33 o C significantly reduced the number of mature pod and seed yield of peanut. The average maximum air and 10 cm soil temperature data during the June, July and August were higher in 2017 than in 2016 (Table 1) . For this reason, pod yield of the breeding lines was lower in 2017.
The average maximum temperature data during the growing period (June, July and August months) in 2016 and 2017 as a five days interval were presented in Table 2 . As it can be seen in Table 2 , the maximum air temperature was higher in 2017 than 2016 during the flowering, pod formation and pod filling stages of the peanut lines. In these stages, the maximum air temperature was observed above on [42] [43] o C in a day in Adana region and the growth and development of peanut plants were negatively affected. Ketring et al. (1982) indicated that air temperature plays a critical role in the growth and development of peanut plants and it appears that optima are different depending on the phase (reproductive or vegetative) of development. Ketring (1984) and Prasad et al. (1999b) indicated that the optimum mean air temperature for vegetative growth of peanut seemed to range between 25 and 30 o C while that for reproductive processes ranged between 20 and 25 o C. Day temperatures above 35 o C during the reproductive phase reduce fruit-set and consequently the number of pod and ultimately seed yields. Cox (1979) , Ketring (1984) and Ong (1984) reported that increasing daytime temperature from 26-30 o C to [34] [35] [36] o C significantly reduced the number of subterranean pegs and pods, seed size on seed yield by 30-50%. Ketring (1984) (Table 4 ). The differences between the lines for the pod yield per hectare were statistically significant. The yield reduction of the breeding lines was different and the pod yield reduction varied between 4.0-34.3%. The highest yield reduction was obtained from YF-9 (34.3%) and the lowest from YF-10 (4.0%) breeding lines. The agronomic characteristic and pod yield of peanut varies depending on growing conditions and varieties. The yield components of peanut are influenced by temperature and the high air and soil temperature negatively effects on pod yield. Peanut varieties differ in their sensitivity to high temperatures Ono et al. (1974) found that the greatest fruiting percentage and the largest individual pods of peanut variety were formed at a fruiting zone temperature of 31 to 33 o C. Ketring et al. (1982) reported that the temperature is critical for peanut plant growth and development attempts have been made to determine temperature requirements of peanut cultivars at different stages of their development. Ketring (1984) Tai and Hammons (1978) and Wynne and Isleib (1978) reported that the evaluation of peanut cultivars for genotype x environment interaction on yield and yield components seems to indicate only minor effects of genotype x location and genotype x year interactions, but there were relatively large genotype and genotype x location x year interactions. Yadava and Kumar (1978) reported that some genotypes, with respect to pod yield and seed weight are apparently more stable across environments than others. Williams et al. (1978) reported that the effect of weather and genotype x environment interactions on yield of peanut found that different components of the environment (temperature, radiation and water stress) have significant effects on yield only at specific phases of growth and development. For instance, maximum temperature was significantly related to yield at all growth phases.
CONCLUSION
The expected changes in temperature over the next 30-50 years are predicted to be in the range of 2-3°C. In most regions this global warming will negatively impact plant growth and development. As a consequence, the yields of a variety of important crops will be compromised. Thus, it is imperative to understand the physiological and molecular processes that plants use to cope with heat stress as a first step to breed for plants more tolerant to the negative effects of climate change. The growth and development of peanut plant is affected by the environmental factors such as soil and air temperature. The temperature is a critical factor that controls plant growth and development. High air temperature during the flowering, pod formation and pod filling may also have detrimental effects on peanut growth, development and pod yield. Maximum temperature above 35 o C cause heat stress, which has harmful effect on pod formation and seed development of peanut. The pod yield was reduced about 21.5% in 2017 compared to 2016 due to air temperature exceeded to 35 o C during the growing period. Breeding of peanut varieties tolerant to heat stress is getting more important to obtain high yield in peanut farming at the future. 
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